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I. INTRODUCTION 

There have been steady incremental improve- 
ments in cancer therapy over the years utilizing 
the conventional modalities of chemotherapy, 
radiation therapy, and surgery. With the devel- 
opment of alternative modalities, complement- 
ing these conventional approaches may be one 
way of accelerating the progress in cancer 
therapy. One such alternative modality is immu- 
notherapy. There has been a recent resurgence of 
interest in pursuing this approach with the dem- 
onstration that these therapies have activity in 
cancer patients. A few specific examples include 
the use of systemic interleukin-2 (IL-2) in renal 
cell carcinoma (Burkowski, 1997) and melanoma 
(Philip and Flaherty, 1997); autologous tumor 
cell-BCG vaccines as adjuvant therapy after re- 



section of colon cancer (Hoover et al., 1993); 
and cytokine gene-modified autologous tumor 
cells as vaccines in renal cell carcinoma (Simons 
et al., 1997) and melanoma (Abdel-Wahab et al., 
1997). The problem has been that the efficacy of 
this approach so far has been quite poor, with 
very limited response rates. To improve on these 
early results, it is important to understand why it 
is that the immune system cannot reject tumor 
cells. It is only with this information that rational 
strategies for thwarting this tumor cell evasion of 
immune-mediated rejection can be devised. Con- 
siderable advances in the understanding of the 
basic mechanisms underlying immune nonrespon- 
siveness have been made in recent years, and a 
limited understanding is beginning to emerge of 
how tumor cells specifically evade immune-me- 
diated rejection. 
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II. DESPITE THE PRESENCE OF 
T CELLS REACTIVE TO TUMOR- 
SPECIFIC ANTIGENS, TUMORS 
ARE NOT REJECTED 

Transformed cells are genetically unstable and 
acquire multiple mutations (Loeb, 1991 ; Hartwell, 
1992; Lengauer et al., 1997). Some of the proteins 
encoded by these mutated genes should behave as 
antigens to which the host has not acquired toler- 
ance through thymic mechanisms (Disis and 
Cheever, 1996). It has also been shown that there 
are a number of other nonmutated tumor-specific 
antigens such as the MAGE, BAGE, and GAGE 
gene products, and differentiation antigens such 
as MART-1 and gplOO (Boon and van der 
Bruggen, 1996). Some of these neo-antigens are 
presented on the cell surface through the major 
histocompatibility complex (MHC) class I anti- 
gen processing pathway. Cellular proteins enter 
this pathway after being degraded to peptides by 
proteosomes in the cytosol (Gaczynska et al., 1993) 
and are subsequently transported into the lumen 
of the endoplasmic reticulum by the transporter 
associated with antigen processing (TAP) gene 
products. Here they bind to MHC class I mol- 
ecules and migrate to the cell surface (Cresswell 
et al., 1994). In this manner, intracellular mutant 
epitopes or other tumor-specific antigens are pre- 
sented on MHC class I molecules on the cell 
surface that is the context in which the T-cell 
receptor (TCR) of CDS positive cytolytic T lym- 
phocytes (CTLs) recognize antigen. For example, 
mutations in the ras gene are frequently present in 
carcinomas (Van't Veer et al., 1989; Fearon and 
Vogelstein, 1990), and it has been shown that 
CTLs are present in humans that recognize mu- 
tant ras-derived peptides (Van Elsas et al., 1995; 
Fossum et al., 1995). Therefore, although it is 
clear that neo-antigens and potentially reactive 
T cells are present, there is the frequent failure 
of tumor rejection in otherwise immunocompe- 
tent individuals. Some tumor cells escape im- 
mune-mediated rejection by failing to express 
adequate amounts of MHC class I molecules 
(GarridoetaK, 1997), or components of the MHC 
class 1 antigen processing pathway such as the 
TAP gene products (Cromme et al., 1994). How- 
ever, many tumor cells express MHC class I and 
TAP molecules, and yet are not rejected. There- 



fore, it is possible that the neo-antigen reactive 
T cells are rendered nonfunctional by one or 
more of the known mechanisms of peripheral 
(extra-thymic) tolerance induction, or as a result 
of immunological ignorance, 

HI- MECHANISMS OF PERIPHERAL 
TOLERANCE INDUCTION 

Tolerance to self proteins occurs within the 
thymus where the processes of positive and nega- 
tive selection occur. However, many self antigen- 
reactive T cells escape these central tolerance 
mechanisms in the thymus and enter the periph- 
ery (Miller and Basten, 1996). Autoimmunity is 
prevented by the process of peripheral tolerance 
induction, the three main mechanisms of which 
include immune deviation (Scott et al., 1994), 
anergy induction (Mueller et al., 1 989; Rammensee 
et al., 1989), and activation-induced cell death 
(A1CD) (Kabelitz et al., 1993). There have been 
recent reports that demonstrate that these pro- 
cesses may contribute to the failure of an im- 
mune-mediated rejection of tumors. 

The first mechanism of peripheral tolerance 
induction, immune deviation, results in a func- 
tional tolerance of cell-mediated immune pro- 
cesses. This occurs when there is a skewing of the 
T-helper (TH) cell repertoire to a predominandy 
TH2 phenotype, diverting away from the TH1 
cells that are necessary for CTL function. TH2 
cells can also, in some instances, exert a direct 
negative influence on THl-mediated immune re- 
sponses (Cua et ai. t 1995). Immune deviation can 
take place because the T-helper cell subsets dif- 
ferentiate from the same precursor cells (reviewed 
in Abbas et al., 1996). In general, the differentia- 
tion into TH1 cells occurs when precursor cells 
encounter a specific peptide in the context of the 
appropriate MHC class II molecule and are co- 
stimulated with the B7 molecules in the presence 
of IL-12. TH1 cells then secrete cytokines, in- 
cluding (y-interferon) and IL-2, which promote 
cellular immune responses, including the CTL- 
mediated rejection of tumor cells. TH2 cells dif- 
ferentiate from precursor cells when the latter 
encounter a specific peptide, are co-stimuiated 
with the B7 molecules, and are stimulated with 
IL-4. TH2 cells, through the production of 
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cytokines such as IL-4, promote humoral immune 
responses. An example of immune deviation oc- 
curs during infection with the intracellular patho- 
gen Leishmania (Heinzel et al., 1991). In mouse 
strains that have functional cell-mediated immu- 
nity that is required to clear this pathogen, TH1 
cells predominate, whereas strains that fail to clear 
this pathogen develop a TH2 response with a 
functional tolerance of CTLs. Similarly, in mod- 
els of T-cell-mediated autoimmunity, TH1 cells 
predominate, while animals manipulated in vari- 
ous ways to prevent autoimmunity develop a TH2 
response (Falcone and Bloom, 1997). There is 
some evidence that this particular TH1 to TH2 
immune deviation tolerance mechanism can oc- 
cur in response to tumor cells that appear to be 
able to evade a cell-mediated immune rejection in 
this fashion. In several different tumor models, 
tumor bearing mice progressively lose THl-cell 
activity and develop a relative excess of TH2 
activity (Ghosh et al., 1995; Ruzek and Mathew, 
1995; Maeda and Shiraishi, 1996), and in one of 
these models this TH1 to TH2 shift was shown to 
be due to TGF0 (Maeda and Shiraishi, 1996). 
This is consistent with the recent observation that 
TGF0 interferes with the IL- 12 pathway (Pardoux 
et al., 1997), which is necessary for the generation 
of TH1 cells. Furthermore, successful rejection of 
a P815 tumor cell variant requires the endog- 
enous production of IL-12 (Fallarino et al., 1996), 
a cytokine responsible for the differentiation of 
TH1 cells. Other investigators have overexpressed 
IL-12 in tumor cells (Zitvogel et al., 1996) or 
tumor-bearing animals (Tahara et al., 1994), which 
results in the induction of an immune response to 
IL-12-negative tumor cells, secondary to the pro- 
duction of TH1 cells (Tsung et ah, 1997). 

The second major mechanism of peripheral 
tolerance induction is through the induction of 
anergy. T-cell activation requires two signals 
(Schwartz, 1992). The first is signaling through 
the T-cell receptor (TCR) when it binds to peptide 
loaded onto an MHC molecule. The second signal 
comes from the binding of T-cell co-stimulatory 
molecules, for instance, B7-1, to their ligands 
(CD28) on the T-cell surface. When a T-cell re- 
ceives both signals, it is activated. However, if a 
T-cell binds via its TCR to antigen/MHC on the 
target cell without sufficient co-stimulation, the 
T-cell is rendered anergic such that it cannot be- 



come activated when restimulated with antigen 
(Gimmi et al., 1993). Additionally, recently it has 
become clear that at low B7 levels, CTLA-4 on 
the T-cell preferentially binds B7, which leads to 
the induction of anergy (Perez et al., 1997; Thomp- 
son and Allison, 1997). Another cellular interac- 
tion that is important for enhanced T-cell co- 
stimulation involves the binding of CD40 ligand, 
present on activated T cells, to CD40 on APCs 
that results in the up-regulation of T-cell co-stimu- 
latory molecules on the APCs. Much like the 
CD28/B7 interaction, if the CD40/CD40 ligand 
interaction fails to occur, T-cell activation does 
not occur (Grewal et al., 1995). This mechanism 
of peripheral tolerance induction may contribute 
to the lack of immune responsiveness to tumors. 
Specifically, it has been hypothesized that one 
reason that T cells fail to reject tumor cells is 
because non-APC-derived tumor cells do not ex- 
press T-cell co-stimulatory molecules (Schwartz, 
1992). In fact, it has been shown that clonal anergy 
can be induced in T cells that are exposed to 
melanoma cells (Becker et al., 1993). Additional 
evidence supporting this hypothesis stems from 
the observation that overexpression of B7-1 in a 
variety of different tumor cells types is associated 
with the activation of tumor antigen-reactive T 
cells rejection (Chen et al., 1992; Gajewski et al., 
1996; Guinan et al., 1994; Fujii et al., 1996). 

The final major mechanism of peripheral 
tolerance induction is T-cell deletion. The ad- 
ministration of various antigens in a variety of 
different ways results in the deletion of periph- 
eral T cells, which is preceded by T-cell activa- 
tion. Examples include the administration of 
super antigens (Rocha and von Boehmer, 1991); 
exposure to the HY antigen (Zhang et al., 1992); 
the administration of allogeneic cells (Martin 
and Miller, 1989); and the intravenous adminis- 
tration of soluble antigens (Liblau et al., 1996). 
The deletion has been shown to be secondary to 
the induction of apoptosis and is referred to as 
activation-induced cell death (AICD) (Kabelitz 
et al., 1993). Resting T cells express very low 
levels of Fas, which is the surface molecule that 
binds to Fas ligand and transduces the signal for 
a cell to undergo apoptosis (Nagat and Golstein, 
1995). When T cells are stimulated by antigen, 
there is an up-regulation of surface Fas expres- 
sion and an induction of the expression of Fas 
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ligand (Ju et al., 1995; Dhein et al., 1995). 
Religation of the TCR on activated T cells then 
leads to apoptosis through the Fas pathway. In 
this manner, chronic stimulation by antigen in the 
periphery can result in tolerance (D'Adamio et 
al., 1993; Kabelitz et al., 1993). Another way that 
T cells can undergo apoptosis is by cytokine dep- 
rivation. Activated T cells, which have not under- 
gone Fas-mediated apoptosis, will undergo 
apoptosis unless they are continuously stimulated 
with EL-2. DL-2 appears to prevent this apoptosis 
by upregulating the apoptosis inhibitory proteins 
Bcl-2 and BcI-Xl (Akbar et al., 1996). Factors 
produced by stromal cells such as fibroblasts, 
epithelial cells, and endothelial cells can prevent 
this cytokine deprivation-induced apoptosis 
(Akbar et al., 1996). However, unlike T cells 
stimulated with IL-2, which proliferate, T cells 
stimulated with these stromal cell factors are qui- 
escent (Gombert et aL, 1996). These quiescent, 
previously activated T ceUs when reactivated do 
not undergo AICD, but rather go on to proliferate. 
This mechanism of peripheral tolerance induction 
has not been reported in tumor-specific antigen- 
reactive T cells in tumor-bearing animals. 



IV. ACQUIRED TUMOR CELL ATTRIBUTES 
CAN LIMIT AN IMMUNE RESPONSE 

In addition to the induction of normal toler- 
ance mechanisms, tumor cells have been shown 
to acquire attributes that can have a negative im- 
pact on T-cell function. For instance, it has been 
shown that tumor cells can express Fas ligand 
(Hahne et al., 1996; O'Connell et al., 1996). Fas 
ligand limits normal immune responses in a physi- 
ologic fashion; however, its aberrant expression 
by tumor cells has the potential to delete tumor- 
specific CTLs resulting in an ineffectual anti- 
tumor immune response. Similarly, tumor cells 
have been shown to secrete TGFp. This cytokine 
functions to regulate normal immune responses. 
However, its ectopic production by tumor cells 
can have a negative impact on an anti-tumor CTL 
response, to the detriment of the host (Jachimczak 
et aL, 1993). 

There are additional tumor-related factors that 
clearly exist but are poorly understood. It has 
been shown in certain animal models that tumor- 



specific T cells in tumor bearing animals are not 
tolerant, as they can be shown to be fully func- 
tional when antigen is presented in a nonneo- 
plastic context However, the tumor cells within 
an existing tumor cannot effectively elicit an im- 
mune response (Speiser et al., 1997; Wick, et al., 
1997). A possible explanation that has been sug- 
gested is that the malignant cells within a tumor 
become surrounded by non-antigenic, normal 
stroma which has the effect of sequestering the 
tumor cells from any immune attack (Singh, et al., 
1992). Others have suggested that antigen silenc- 
ing occurs in tumors resulting in immunologic 
ignorance as an explanation for this phenomenon 
(Chen, 1998). 



V. SUMMARY 

Despite considerable advancements in the 
understanding of the basic mechanisms underly- 
ing immune nonresponsiveness, the specific cel- 
lular immunologic mechanisms that tumor cells 
exploit to avoid CTL-mediated rejection are still 
not very well known. Clearly, this process is 
complex with a variety of different peripheral 
tolerance mechanisms coming into play. In addi- 
tion, it appears that even if tolerance is not in- 
duced, the anti-tumor CTL response is not easily 
sustained. Furthermore, the environment of an 
established tumor may be such that non-tolerant 
CTLs cannot mount an immune-mediated rejec- 
tion within an existing tumor. It remains impor- 
tant to continue to study these processes, as the 
more that is known about how tumor cells evade 
rejection, the more rationally immunotherapeu- 
tic strategies can be devised. 
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